Background: To investigate the effect of topical sinomenine (SIN) on ocular surface damage in dry eye of experimental mice.
hyperosmolarity, and inflammatory response (11) . Recent studies have shown that chronic inflammation stimulated by the activation of innate immunity, instability of the tear film, and the hyperosmolar tears play a key role in the development of ocular surface damage in dry eye patients (2, (4) (5) (6) (11) (12) (13) .
The management of dry eye includes environmental and behavioural modification, the use of artificial tears, eye drops or ointments, contact lenses, and surgery depending on disease severity (14, 15) . Amongst the various treatment options, inflammation control in the lacrimal functional unit is the main-stream choice for treating dry eye based on the concept that inflammation is a major factor in the pathogenesis of dry eye (16) . Recent studies have showed that treatment aimed at suppressing the ocular surface inflammation could effectively sustain ocular surface homeostasis, improve tear film stability, balance tear osmolality, and alleviate ocular discomfort.
Sinomeniumacutum (SIN) is a quinoline alkaloid and morphinan derivative extracted from the stems and roots of sinomeniumacutum. Since the main active component of SIN was isolated from this medicinal plant in the 1920s (17) , it has been used extensively to treat immune-related disorders in pharmacological experimental animal models and clinical patients, such as for treating rheumatoid arthritis, arrhythmia, and neuralgia (18) . SIN possesses anti-inflammatory and immunoregulatory properties, enhances macrophage phagocytosis and improve the immune response of macrophages by downregulating the expression of interleukin (IL)-6 and tumour necrosis factor (TNF)-α in the macrophage (19) . Uveitis and dry eye syndrome are the two common ocular inflammatory diseases in which the main pathophysiological mechanisms are autoimmune and inflammatory. Song showed that topical administration of SIN in situ gel in rats could inhibit autoimmune uveitis (20) , which make us to think about the effect of SIN on dry eye. However, to our knowledge, there is no study on this topic. Therefore, we aimed to investigate the effect of SIN on experimental dry eye in mice.
Methods

Reagents
Scopolamine hydrobromide (St. Louis, MO, USA) was dissolved in 0.9% sterilised NaCl solution at 6 mg/ml prior to injections. Pure SIN (Beijing, China) was diluted to two concentrations (0.05% and 1%) with phosphate-buffered saline (PBS), and the pH value was adjusted to 6.8-7.2. Then the solution was filtered by microporous membrane filtration and stored at 4℃. The whole pharmaceutical procedure was completed in the cell culture room.
Animals
The procedures used in this research were approved by the Experimental Animal Ethics food and water and were acclimatised to the study environment for at least 1 week. The mice were examined by slit-lamp microscopy and corneal fluorescein staining. Only healthy mice with no cornel infections, and with total corneal fluorescein staining scores <10 were used in this study.
Murine Dry Eye Model
Mice received 0.1 ml scopolamine hydrobromide by subcutaneous injections four times a day (8:00, 11:00, 15:00, 18:00) and were harboured in a controlled environment chamber at an ambient humidity less than 20% for 5 days to induce experimental dry eye (EDE).
The age and gender matched group of mice received an equal volume of physiologic saline as the untreated (UT) group.
Experimental procedure
The mice with EDE were evaluated with tear product and cornea fluorescein staining (CFS) score as a EDE baseline condition, then were randomly assigned to four groups, with each group consisting of eight mice according to topical treatment: (1) EDE group mice which did not receive any eye drop treatment; (2) EDE+PBS group mice which were treated with PBS solution; (3) EDE+0.05%SIN group mice which were treated with 0.05% preservativefree SIN hydrochloride eye drops; (4) EDE+1% SIN group mice which were treated with 1% preservative-free SIN hydrochloride eye drops. UT group mice were treated with PBS solution. All groups received 5 μl eye drops by topical application four times daily for 14 days in each eye. The eye drops were administered by one investigator throughout the study. Tear product and CFS score were measured under slit-lamp microscope at 7 (D7) and 14 days (D14) after treatment. In order to avoid the assessment bias, the treatments and the group allocation was blinded to the technician who treated the mice and to the researcher who assessed the outcome. The mice grouping was uncovered at the end of the analysis.
Tear Product
The amount of tears (16 eyes/ 8 mice in each group) was measured with phenol red thread tear test at the same time (8 PM) on D7 and D14. The subjects received no sedatives or anaesthetics. The eyelid was pulled down slightly and the thread was placed on the lower conjunctival fornix using forceps at approximately one-third of the lower eyelid distance from the lateral canthus for 15 s. The wetted red portion of the thread was measured in millimetres under a slit-lamp biomicroscope (XL1, Shin-Nippon, Niigata, Japan) to maximise accuracy. The final length was averaged from the three times measurements in each eye.
Corneal fluorescein staining
Corneal epithelial staining was graded under a slit-lamp microscope at 90 seconds after tear collection. The cornea was divided into four quadrants, and the damage in each quadrant was scored respectively according to the following rules: 0 = absent; 1 = slightly punctate staining with less than 30 spots; 2 = punctate staining with more than 30 spots but without diffuse staining; 3 = severe and diffuse staining but without positive plaque; 4 = positive fluorescein plaque. The scores of each quadrant were summed to represent the damage on each cornea.
Inflammatory Responses
Mice were euthanized by intraperitoneal injection of sodium pentobarbital (200mg/kg) and the mice conjunctiva was surgically excised and then total RNA from conjunctivas was extracted and pooled from two eyes of the same experimental group using the RNA isolation kit according to the manufacturer's instructions (PicoPure RNA isolation kit;
Applied Biosystem, Foster City, CA). cDNA was synthesised using a reverse transcription kit (Catalogue no. RR047A; TaKaRa, Shiga, Japan) from 1 μg total RNA using random primers and Moloney Murine Leukaemia Virus. The expression of IL-1β and TNF-α and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was evaluated by qRT-PCR. The primer sequences for qRT-PCR detection of IL-1β, TNF-α and GAPDH are listed in the Table   1 . qRT-PCR amplification programme included an initial denaturation step at 95℃ for 10 minutes, followed by 40 cycles for 10 seconds, and 60 cycles for 30 seconds. The RNA concentration was measured at 260 nm and stored at -80℃ before use. The qRT-PCR results were analysed using the comparative threshold cycle method and normalised with GAPDH as an endogenous reference.
Statistical analysis
All data was expressed as Mean±SD. Statistical analyses were performed with SPSS 20 (IBM Inc.). The data were analysed by one-way ANOVA followed by post hoc test. p < 0.05 was considered significant.
Results
Dry eye induction
All the mice including the mice in the UT group and the EDE mice were healthy before sacrificed. Five days after the induction of EDE, all EDE mice (n=32) showed significantly decreased tear production compared to the UT group (n=8) (Figure 1 
Effects of topical application of SIN on tear production
The phenol red thread test was used to assess the effect of SIN eye drops on tear production in EDE-induced mice in our study. After 7 days and 14 days of treatment, the tear production in the EDE and EDE+PBS groups did not change compared to the pretreatment values (Figure 1; 3 .25±0.57 mm, 3.24 ±0.73 mm and 3.28±0.48 mm for the EDE group before treatment and 7 and 14 days after treatment, respectively, p > 0.05; 3.24±0.73 mm, 3.26±0.64 mm and 3.30±0.62 mm for EDE + PBS group before treatment, 7 days and 14 days after treatment respectively, p > 0.05). After 7 days and 14 days of treatment, the tear production in the EDE + 0.05% SIN treatment group and the EDE + 0.1% SIN treatment group was gradually increased compared to the pre-treatment values.
In the EDE + 0.05% SIN treatment group, the difference between pre-treatment values and post-treatment values after 14 days was significant (Figure 1, 3 .31±0.60 mm vs. 4.19±0.67 mm, p < 0.05), but the difference between pre-treatment values and post-treatment values after 7 days was not significant (Figure 1, 3 .31±0.60 mm vs. 3.75±0.40 mm, p > 0.05); same was observed for post-treatment values after 7 days and after 14days (Figure 1, 3 .75±0.40 mm, vs. 4.19±0.67 mm p >0.05). In the EDE + 0.1% SIN treatment group, the differences between any two time points were statistically significant ( Fig. 1, 3 .33 ± 0.56 mm, 3.99±0.37 mm and 4.81±0.60 mm, for before treatment, 7 days after treatment and 14 days after treatment respectively, all p < 0.05). for EDE+PBS group before treatment, at 7 days and 14 days after treatment, respectively, p > 0.05). After 7 days and 14 days of treatment, the staining scores in the EDE + 0.05% SIN treatment group and the EDE + 0.1% SIN treatment group gradually decreased compared to the pre-treatment scores. In the EDE + 0.05% SIN treatment group, the difference between the scores before treatment and 14 days after treatment was significant (Figure 2, 11 .75±2.05 vs. 7.63±1.92, p <0.05); however, differences between the scores before treatment and 7 days after treatment (Figure 2, 11 .75±2.05 vs 9.75±2.82., p >0.05), and between 7 days after treatment and 14 days after treatment was not significant (Figure 2, 9 .75±2.82 vs. 7.63±1.92, p >0.05). In the EDE + 0.1% SIN treatment group, the differences between any two time points were statistically significant ( Figure 2, 12.13±1 .64, 7.63±1.92 and 5.00±2.20 for before treatment, 7 days after treatment and 14 days after treatment respectively, all p < 0.05).
Effects of topical application of SIN on corneal fluorescein staining scores
Changes in cytokine levels in cornea after SIN treatment
Following the induction of EDE, SIN eye drops were topically given to the mice and inflammatory cytokine levels in the cornea were determined by quantitative RT-PCR on day 14 after the mice were sacrificed. Among the cytokines evaluated, expressions of TNFα and IL-1β on the ocular surfaces in EDE + 0.05% SIN group and in EDE + 1% SIN group decreased in a dose-dependent manner compared to that before treatment (Figure 3 and Figure 4 ). However, statistical analysis showed that the levels of IL-1β in the mice treated with two doses of SIN decreased significantly. The levels of TNF-α decreased only in the mice treated with 0.1% SIN eye drops but not in those treated with 0.05% SIN.
Discussion
Dry eye is a chronic ocular surface disease and can cause a visual disorder affecting the quality of life in serious dry eye. Dry eye is complexed by tear film destabilization and tear production decrease resulting from immoderate vaporization of tears on the ocular surface (21) . The continued imbalance between the tear film and tear production results in gradual dysfunction of the lacrimal glands and damage of the corneal epithelial cells (16, (22) (23) (24) (25) . It has been reported that long-term dry eye increased inflammatory response and expression of inflammatory cytokines such as intercellular adhesion molecule-1, TNFα,vascular cell adhesion molecule-1 chemokines and their receptors on the ocular surface of dry eye (26) (27) (28) (29) (30) .
Topical anti-inflammatory agents, such as corticosteroids and cyclosporine A could improve symptoms and ocular surface damage by inhibiting inflammation on the ocular surface and lacrimal gland (31) (32) (33) . SIN, a new anti-inflammatory and immuno-suppressive agent, has been reported to treat rheumatoid arthritis and chronic glomerulonephritis (34, 35) . The exact mechanism of SIN on the immune disease is not clear. The possible mechanism included inhibition of inflammatory mediator secretion and reduction of immune complex generation. For example, SIN was found to reduce the synthesis of leukotriene C4, nitric oxide, prostaglandin E3, and TNF-α in vitro as well as in vivo and to reduce the mRNA expression of proinflammatory cytokines in rats with adjuvant arthritis (36, 37) .
The lacrimal functional unit is composed of the ocular surface epithelium and lacrimal gland and is the target of the immune system in dry eye pathology (38) . Studies have shown that the cytokines such as IL-6, IL-17 and chemokine ligand 2 in lacrimal gland tissues are involved in immune and inflammatory responses. They could impair lacrimal gland secretion by directly inhibiting neural activity or neurotransmitter release (39, 40) (41) . Inhibition of these cytokines could inhibit the immune and inflammatory response to improve dry eye disease signs (42) .
The present findings show that topical application of SIN eye drops results in an improvement in clinical signs indicated by increased tear production and decreased corneal staining scores and a significant decrease of inflammation factor (IL-1β and TNF-α) in the ocular surface of EDE compared to the controls. Tear production was higher and corneal surface irregularity scores were lower, in 0.05% and 0.1% SIN-treated mice than in EDE and PBS-treated mice. IL-1β and TNF-α expression in the conjunctivae were significantly lower in 0.05% and 0.1% SIN-treated mice than in EDE and PBS-treated mice.
These finding showed that topical application of SIN eye drops could improve the tear film and ocular surface parameters by inhibiting inflammatory cytokines in the conjunctiva.
Dry eye has a frequent recurrence and needs long-term treatment. It has been confirmed that systemic application of SIN for 2 weeks in vivo has no obvious side effects in this study. The limitation of this study includes the short-term treatment and observation.
Further research is necessary to investigate the safety of long-term use of SIN eye drops on the ocular surface in dry eye patients.
Conclusions
This study provides evidence that the application of 0.05% and 0.1% SIN eye drops could improve tear production and effectively alleviate ocular surface irregularities and reduce inflammatory cytokines on the ocular surface in mouse EDE model. Our results suggest that topical application of SIN is useful in the treatment of dry eye disease. Maybe we could verify the outcome on the patients with dry eye in the future. 
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